BACKGROUND: Hospital-level, 30-day risk-standardized mortality and readmission rates are publicly reported for Medicare patients admitted with acute myocardial infarction (AMI), heart failure (HF), and pneumonia, but the correlations among mortality rates and among readmission rates within US hospitals for these conditions are unknown. Correlation among measures within the same hospital would suggest that there are common hospital-wide quality factors.
The Centers for Medicare & Medicaid Services (CMS) publicly reports hospital-specific, 30-day risk-standardized mortality and readmission rates for Medicare fee-for-service patients admitted with acute myocardial infarction (AMI), heart failure (HF), and pneumonia. 1 These measures are intended to reflect hospital performance on quality of care provided to patients during and after hospitalization. 2, 3 Quality-of-care measures for a given disease are often assumed to reflect the quality of care for that particular condition. However, studies have found limited association between condition-specific process measures and either mortality or readmission rates for those conditions. [4] [5] [6] Mortality and readmission rates may instead reflect broader hospital-wide or specialtywide structure, culture, and practice. For example, studies have previously found that hospitals differ in mortality or readmission rates according to organizational structure, 7 financial structure, 8 culture, 9,10 information technology, 11 patient volume, [12] [13] [14] academic status, 12 and other institution-wide factors. 12 There is now a strong policy push towards developing hospital-wide (all-condition) measures, beginning with readmission. 15 It is not clear how much of the quality of care for a given condition is attributable to hospital-wide influences that affect all conditions rather than disease-specific factors. If readmission or mortality performance for a particular condition reflects, in large part, broader institutional characteristics, then improvement efforts might better be focused on hospital-wide activities, such as team training or implementing electronic medical records. On the other hand, if the disease-specific measures reflect quality strictly for those conditions, then improvement efforts would be better focused on disease-specific care, such as early identification of the relevant patient population or standardizing disease-specific care. As hospitals work to improve performance across an increasingly wide variety of conditions, it is becoming more important for hospitals to prioritize and focus their activities effectively and efficiently.
One means of determining the relative contribution of hospital versus disease factors is to explore whether outcome rates are consistent among different conditions cared for in the same hospital. If mortality (or readmission) rates across different conditions are highly correlated, it would suggest that hospital-wide factors may play a substantive role in outcomes. Some studies have found that mortality for a particular surgical condition is a useful proxy for mortality for other surgical conditions, 16, 17 while other studies have found little correlation among mortality rates for various medical conditions. 18, 19 It is also possible that correlation varies according to hospital characteristics; for example, smaller or nonteaching hospitals might be more homogenous in their care than larger, less homogeneous institutions. No studies have been performed using publicly reported estimates of risk-standardized mortality or readmission rates. In this study we use the publicly reported measures of 30-day mortality and 30-day readmission for AMI, HF, and pneumonia to examine whether, and to what degree, mortality rates track together within US hospitals, and separately, to what degree readmission rates track together within US hospitals.
METHODS
Data Sources CMS calculates risk-standardized mortality and readmission rates, and patient volume, for all acute care nonfederal hospitals with one or more eligible case of AMI, HF, and pneumonia annually based on fee-forservice (FFS) Medicare claims. CMS publicly releases the rates for the large subset of hospitals that participate in public reporting and have 25 or more cases for the conditions over the 3-year period between July 2006 and June 2009. We estimated the rates for all hospitals included in the measure calculations, including those with fewer than 25 cases, using the CMS methodology and data obtained from CMS. The distribution of these rates has been previously reported. 20, 21 In addition, we used the 2008 American Hospital Association (AHA) Survey to obtain data about hospital characteristics, including number of beds, hospital ownership (government, not-for-profit, for-profit), teaching status (member of Council of Teaching Hospitals, other teaching hospital, nonteaching), presence of specialized cardiac capabilities (coronary artery bypass graft surgery, cardiac catheterization lab without cardiac surgery, neither), US Census Bureau core-based statistical area (division [subarea of area with urban center >2.5 million people], metropolitan [urban center of at least 50,000 people], micropolitan [urban center of between 10,000 and 50,000 people], and rural [<10,000 people]), and safety net status 22 (yes/no). Safety net status was defined as either public hospitals or private hospitals with a Medicaid caseload greater than one standard deviation above their respective state's mean private hospital Medicaid caseload using the 2007 AHA Annual Survey data.
Study Sample
This study includes 2 hospital cohorts, 1 for mortality and 1 for readmission. Hospitals were eligible for the mortality cohort if the dataset included riskstandardized mortality rates for all 3 conditions (AMI, HF, and pneumonia). Hospitals were eligible for the readmission cohort if the dataset included risk-standardized readmission rates for all 3 of these conditions.
Risk-Standardized Measures
The measures include all FFS Medicare patients who are 65 years old, have been enrolled in FFS Medicare for the 12 months before the index hospitalization, are admitted with 1 of the 3 qualifying diagnoses, and do not leave the hospital against medical advice. The mortality measures include all deaths within 30 days of admission, and all deaths are attributable to the initial admitting hospital, even if the patient is then transferred to another acute care facility. Therefore, for a given hospital, transfers into the hospital are excluded from its rate, but transfers out are included. The readmission measures include all readmissions within 30 days of discharge, and all readmissions are attributable to the final discharging hospital, even if the patient was originally admitted to a different acute care facility. Therefore, for a given hospital, transfers in are included in its rate, but transfers out are excluded. For mortality measures, only 1 hospitalization for a patient in a specific year is randomly selected if the patient has multiple hospitalizations in the year. For readmission measures, admissions in which the patient died prior to discharge, and admissions within 30 days of an index admission, are not counted as index admissions.
Outcomes for all measures are all-cause; however, for the AMI readmission measure, planned admissions for cardiac procedures are not counted as readmissions. Patients in observation status or in non-acute care facilities are not counted as readmissions. Detailed specifications for the outcomes measures are available at the National Quality Measures Clearinghouse.
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The derivation and validation of the risk-standardized outcome measures have been previously reported. 20, 21, [23] [24] [25] [26] [27] The measures are derived from hierarchical logistic regression models that include age, sex, clinical covariates, and a hospital-specific random effect. The rates are calculated as the ratio of the number of ''predicted'' outcomes (obtained from a model applying the hospital-specific effect) to the number of ''expected'' outcomes (obtained from a model applying the average effect among hospitals), multiplied by the unadjusted overall 30-day rate.
Statistical Analysis
We examined patterns and distributions of hospital volume, risk-standardized mortality rates, and riskstandardized readmission rates among included hospitals. To measure the degree of association among hospitals' risk-standardized mortality rates for AMI, HF, and pneumonia, we calculated Pearson correlation coefficients, resulting in 3 correlations for the 3 pairs of conditions (AMI and HF, AMI and pneumonia, HF and pneumonia), and tested whether they were significantly different from 0. We also conducted a factor analysis using the principal component method with a minimum eigenvalue of 1 to retain factors to determine whether there was a single common factor underlying mortality performance for the 3 conditions. 28 Finally, we divided hospitals into quartiles of performance for each outcome based on the point estimate of risk-standardized rate, and compared quartile of performance between condition pairs for each outcome. For each condition pair, we assessed the percent of hospitals in the same quartile of performance in both conditions, the percent of hospitals in either the top quartile of performance or the bottom quartile of performance for both, and the percent of hospitals in the top quartile for one and the bottom quartile for the other. We calculated the weighted kappa for agreement on quartile of performance between condition pairs for each outcome and the Spearman correlation for quartiles of performance. Then, we examined Pearson correlation coefficients in different subgroups of hospitals, including by size, ownership, teaching status, cardiac procedure capability, statistical area, and safety net status. In order to determine whether these correlations differed by hospital characteristics, we tested if the Pearson correlation coefficients were different between any 2 subgroups using the method proposed by Fisher. 29 We repeated all of these analyses separately for the risk-standardized readmission rates.
To determine whether correlations between mortality rates were significantly different than correlations between readmission rates for any given condition pair, we used the method recommended by Raghunathan et al. 30 For these analyses, we included only hospitals reporting both mortality and readmission rates for the condition pairs. We used the same methods to determine whether correlations between mortality rates were significantly different than correlations between readmission rates for any given condition pair among subgroups of hospital characteristics.
All analyses and graphing were performed using the SAS statistical package version 9.2 (SAS Institute, Cary, NC). We considered a P-value < 0.05 to be statistically significant, and all statistical tests were 2-tailed.
RESULTS
The mortality cohort included 4559 hospitals, and the readmission cohort included 4468 hospitals. The majority of hospitals was small, nonteaching, and did not have advanced cardiac capabilities such as cardiac surgery or cardiac catheterization (Table 1) .
For mortality measures, the smallest median number of cases per hospital was for AMI (48; interquartile range [IQR], 13,171), and the greatest number was for pneumonia (178; IQR, 87, 336). The same pattern held for readmission measures (AMI median 33; IQR; 9, 150; pneumonia median 191; IQR, 95, 352.5). With respect to mortality measures, AMI had the highest rate and HF the lowest rate; however, for readmission measures, HF had the highest rate and pneumonia the lowest rate ( Table 2) .
Every mortality measure was significantly correlated with every other mortality measure (range of correlation coefficients, 0.27-0.41, P < 0.0001 for all 3 correlations). For example, the correlation between risk-standardized mortality rates (RSMR) for HF and pneumonia was 0.41. Similarly, every readmission measure was significantly correlated with every other readmission measure (range of correlation coefficients, 0.32-0.47; P < 0.0001 for all 3 correlations). Overall, the lowest correlation was between risk-standardized mortality rates for AMI and pneumonia (r ¼ 0.27), and the highest correlation was between risk-standardized readmission rates (RSRR) for HF and pneumonia (r ¼ 0.47) ( Table 3) . Both the factor analysis for the mortality measures and the factor analysis for the readmission measures yielded only one factor with an eigenvalue >1. In each factor analysis, this single common factor kept more than half of the data based on the cumulative eigenvalue (55% for mortality measures and 60% for readmission measures). For the mortality measures, the pattern of RSMR for myocardial infarction (MI), heart failure (HF), and pneumonia (PN) in the factor was high (0.68 for MI, 0.78 for HF, and 0.76 for PN); the same was true of the RSRR in the readmission measures (0.72 for MI, 0.81 for HF, and 0.78 for PN).
For all condition pairs and both outcomes, a third or more of hospitals were in the same quartile of performance for both conditions of the pair (Table 4) . Hospitals were more likely to be in the same quartile of performance if they were in the top or bottom quartile than if they were in the middle. Less than 10% of hospitals were in the top quartile for one condition in the mortality or readmission pair and in the bottom quartile for the other condition in the pair. Kappa scores for same quartile of performance between pairs of outcomes ranged from 0.16 to 0.27, and were highest for HF and pneumonia for both mortality and readmission rates. In subgroup analyses, the highest mortality correlation was between HF and pneumonia in hospitals with more than 600 beds (r ¼ 0.51, P ¼ 0.0009), and the highest readmission correlation was between AMI and HF in hospitals with more than 600 beds (r ¼ 0.67, P < 0.0001). Across both measures and all 3 condition pairs, correlations between conditions increased with increasing hospital bed size, presence of cardiac surgery capability, and increasing population of the hospital's Census Bureau statistical area. Furthermore, for most measures and condition pairs, correlations between conditions were highest in notfor-profit hospitals, hospitals belonging to the Council of Teaching Hospitals, and non-safety net hospitals (Table 3) .
For all condition pairs, the correlation between readmission rates was significantly higher than the correlation between mortality rates (P < 0.01). In subgroup analyses, readmission correlations were also significantly higher than mortality correlations for all pairs of conditions among moderate-sized hospitals, among nonprofit hospitals, among teaching hospitals that did not belong to the Council of Teaching Hospitals, and among non-safety net hospitals (Table 5 ).
DISCUSSION
In this study, we found that risk-standardized mortality rates for 3 common medical conditions were moderately correlated within institutions, as were risk-standardized readmission rates. Readmission rates were more strongly correlated than mortality rates, and all rates tracked closest together in large, urban, and/or teaching hospitals. Very few hospitals were in the top quartile of performance for one condition and in the bottom quartile for a different condition. Our findings are consistent with the hypothesis that 30-day risk-standardized mortality and 30-day riskstandardized readmission rates, in part, capture broad aspects of hospital quality that transcend conditionspecific activities. In this study, readmission rates tracked better together than mortality rates for every pair of conditions, suggesting that there may be a greater contribution of hospital-wide environment, structure, and processes to readmission rates than to mortality rates. This difference is plausible because services specific to readmission, such as discharge planning, care coordination, medication reconciliation, and discharge communication with patients and outpatient clinicians, are typically hospital-wide processes.
Our study differs from earlier studies of medical conditions in that the correlations we found were higher. 18, 19 There are several possible explanations for this difference. First, during the intervening 15-25 years since those studies were performed, care for these conditions has evolved substantially, such that there are now more standardized protocols available for all 3 of these diseases. Hospitals that are sufficiently organized or acculturated to systematically implement care protocols may have the infrastructure or culture to do so for all conditions, increasing correlation of performance among conditions. In addition, there are now more technologies and systems available that span care for multiple conditions, such as electronic medical records and quality committees, than were available in previous generations. Second, one of these studies utilized less robust risk-adjustment, 18 and neither used the same methodology of risk standardization. Nonetheless, it is interesting to note that Rosenthal and colleagues identified the same increase in correlation with higher volumes than we did. 19 Studies investigating mortality correlations among surgical procedures, on the other hand, have generally found higher correlations than we found in these medical conditions. 16, 17 Accountable care organizations will be assessed using an all-condition readmission measure, 31 several states track all-condition readmission rates, [32] [33] [34] and several countries measure all-condition mortality. 35 An all-condition measure for quality assessment first requires that there be a hospital-wide quality signal above and beyond disease-specific care. This study suggests that a moderate signal exists for readmission and, to a slightly lesser extent, for mortality, across 3 common conditions. There are other considerations, however, in developing all-condition measures. There must be adequate risk adjustment for the wide variety of conditions that are included, and there must be a means of accounting for the variation in types of conditions and procedures cared for by different hospitals. Our study does not address these challenges, which have been described to be substantial for mortality measures. 35 We were surprised by the finding that risk-standardized rates correlated more strongly within larger institutions than smaller ones, because one might assume that care within smaller hospitals might be more homogenous. It may be easier, however, to detect a quality signal in hospitals with higher volumes of patients for all 3 conditions, because estimates for these hospitals are more precise. Consequently, we have greater confidence in results for larger volumes, and suspect a similar quality signal may be present but more difficult to detect statistically in smaller hospitals. Overall correlations were higher when we restricted the sample to hospitals with at least 25 cases, as is used for public reporting. It is also possible that the finding is real given that large-volume hospitals have been demonstrated to provide better care for these conditions and are more likely to adopt systems of care that affect multiple conditions, such as electronic medical records. 14, 36 The kappa scores comparing quartile of national performance for pairs of conditions were only in the ''fair'' range. There are several possible explanations for this fact: 1) outcomes for these 3 conditions are not measuring the same constructs; 2) they are all measuring the same construct, but they are unreliable in doing so; and/or 3) hospitals have similar latent quality for all 3 conditions, but the national quality of performance differs by condition, yielding variable relative performance per hospital for each condition. Based solely on our findings, we cannot distinguish which, if any, of these explanations may be true. 31 Our study has several limitations. First, all 3 conditions currently publicly reported by CMS are ''medical'' diagnoses, although AMI patients may be cared for in distinct cardiology units and often undergo procedures; therefore, we cannot determine the degree to which correlations reflect hospital-wide quality versus medicine-wide quality. An institution may have a weak medicine department but a strong surgical department or vice versa. Second, it is possible that the correlations among conditions for readmission and among conditions for mortality are attributable to patient characteristics that are not adequately adjusted for in the risk-adjustment model, such as socioeconomic factors, or to hospital characteristics not related to quality, such as coding practices or interhospital transfer rates. For this to be true, these unmeasured characteristics would have to be consistent across different conditions within each hospital and have a consistent influence on outcomes. Third, it is possible that public reporting may have prompted disease-specific focus on these conditions. We do not have data from non-publicly reported conditions to test this hypothesis. Fourth, there are many smallvolume hospitals in this study; their estimates for readmission and mortality are less reliable than for large-volume hospitals, potentially limiting our ability to detect correlations in this group of hospitals.
This study lends credence to the hypothesis that 30-day risk-standardized mortality and readmission rates for individual conditions may reflect aspects of hospital-wide quality or at least medicine-wide quality, although the correlations are not large enough to conclude that hospital-wide factors play a dominant role, and there are other possible explanations for the correlations. Further work is warranted to better understand the causes of the correlations, and to better specify the nature of hospital factors that contribute to correlations among outcomes. 
